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Gection 1
INTHODUCTION

Thie {r the rionl report for a data analysis program applied to a
mtellite that wae desigmed to investigate the characteristics and causes
I horizontnl fon dengity gmdients in the F-region l{onosphere. The
ntel e lncteument packys: deslgned and developed under Contract NOnr-
w(00) tor lovestimtlon off the cxtent nml cuuzes of horlzontul fono-
pherle steneture wms suceenat'ully launched on the OV1-18 satellite on
1% March 19/ Into & 99° inclination orbit vith a %90 km apogec and a

hév) bm perlipees ALl of the 13 instruments operated successfully on orbit
und provided valuable data. After 18 monthe of on-orbit operation, 11 of
the i{nstruments were still providing excellent data. The satellite per-
formance wag good except for the attitude stabilization which was never
achieved. The satellite has been turned off since September, 1970, due
to the failure of the on-board tape recorder. As a result of the
catellite instabilitics, the data analysis procedures are more complex
and the spatianl coverage will be restricted r'or some of the measured
paramctere.

Preliminary data reduction and analysis has been achieved for selected
orbits up to revolution 1500. The quality of the data is excellent and the
large variations in the solar and geophysical conditions during the period
provide the desired opportunitiecs to investigite the ionospheric charac-
teristics for a wide variety of conditions. The emphasis placed on the
analysis effort under the present contract was with the data acquired
prior to satellite revolution number 225 since the instrument to measure
the positive fon density and temperature did not function properly on

later revolutions.



The ionosphere is frequently characterized by its ability to absorb,
refract, or reflect electromagnetic irradiations. These characteristics
are clearly important to terrestrial and space communications networks and
to radar tracking systems, particularly over-the-horizon tracking systems.
In addition, the ionosphere plays an important role in the ability to
detect, locate, and characterize nuclear detonmations by means of the elec-
tromagnetic signals produced by the detonations. Changes in the natural
ionosphere density and composition are also produced by nuclear detonatilons
in or near the ionosphere, and identification of the perturbed ionization
can serve as a means of detection and characterization of the nuclear
device.

It is well known that nuclear detonations in the earth's magneto-
sphere produce strong electromagnetic signals, particularly in the low-
frequency range. Detection of these signals and measurements of their
characteristics provide a means of identifying, locating, and charecter-
izing a nuclear detonation. Electromagnetic signals from nuclear detona-
tions have frequently been observed at large distances from the point of
detonation as a result of the propagation of the signals through the
ionosphere or within the earth-ionosphere cavity. The intensity, time
dependence, and frequency composition of these signals at remote distances
are strong functions of the characteristics of the ionosphere. At present,
our limited knowledge of the structure of the ionosphere continues to
1limit our ability to determine the electromagnetic source characteristics
from measurements on the signals received at distant statiouns.

Prior to the initiation of the present program, large horizontal

gradients in the ion density near the region of maximum density in the
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F-region (300-350 km) had been observed bty the Lockheed Upper Atmospheres
Gx-oup1 with satellite instrumentation during a 4-day flight in November
1963. Some of the gradients persisted from day to day and were generally
aligned with the magnetic field. These data, coupled with earlier data
from the Alouette topside sounder, indicated that a nighttime trough of
low ion density might be present at all altitudes on the equatorial side
of the auroral zones. The data also showed that the ion density gradients
on the nightside of the earth in the region of the polar aurorel zones were
related to the low-energy precipitated particle fluxes in those regions.
Horizontal gradients were also observed in the South Atlantic anomaly
region and they appeared to be directly associated with the artificial
radiation belt and at times with the Van Allen radiation belte. More
detailed reports of the early Lockheed and Alouette results have subse-
quently been published elsewhene3’h.

The present program was undertaken to improve our understanding of
the horizontal ion density gradients. The major goals of the program are
1) to investigate the vertical extent of the type of horizontal ion den-
sity gradients observed in November 1963, 2) to study the local time
dependence and other long-term and short-term variations of the observed
structure and 3) to investigate the role of the energetic particle fluxes
in providing the ion density gradients. m

Initially, two satellite flights were planned. One was to be flown
above the F-region peak density (400-500 km) and one below the peak (250-
300 km). The satellite experiment that has been completed and is reported

here was flown above the F-peak.
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A complete list of the instruments flown on OV1-18 under the heading
of HIGLO (Horizontal Ion Density Gradients in the Lower Atmosphere) is
given in Table 1l.1l. Included in the table is a brief statement of the
measurement made by each instrument. A rather complete description of
each of the instruments, their calibration and operation, is included
in the Final Report of Investigations of Horizontal Ion Density Grz:mdient.s5

and will not be repeated here.
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Section 2

VEHICLE EPHEMERIS AND ATTITUDE DETERMINATION

2.1 Ephemeris Determination

The cphemeris program routinely used in conjunction with the data
analysis makes uce ol the inertial coordinates provided on an hourly
bucis by ENT Air Force Base, Colorado. The program represents a modifi-
cation of one previously written at IMSC. 1In addition to providing the
geographic coordinates once every ten seconds, several other important
q antitlies are computed. Subroutines are incorporated for calculating
various quantities relating to the earth's magnetic field: B,L, the
invariant latitude, KMin’ altitude of the conjugate point, anc the auroml
time. For a typical orbit acquisition approximately two to three minutes
of 1108 computer time is required.

The validity of the ephemeris program is checked on a given orbit
by comperison of current output of the solar arrays to the times of tran-
sition from sunlight to darkness as calculated by the ephemeris program.
This test can indicate accuracy of 3 to 5 seconds of time in the ephemeris.
Another validity check involves comparisons between the magnetic field
strengths measured with the magnetometer and those calculated from the
geographic position and the earth's magnetic field model. This tech-
nique will readily indicate the existence of large errors in the ephemeris
but is not competitive with the light sensors in regard to accuracy.
The response of the PRM instrment to the four crossings of the outer
radiation belt on each orbit also serves as an indication of any gross

ephemeris errors.



As a result of the foregoing tests it was discovered that the ephem-
eris values supplied by ENT Air Force Base were in serious error for the
tirst 388 orbits. For exumple, on orbit 388 the light sensor indicated
a time equivalent error of 129 seconds. Upon further checking, a sulden
step function in the satellite position, as derived from the ephemeris
cards supplied by ENT, was uncovered. It is now generally agreed that the
tracking data used were for another obJject ncar the OV1-18 satellite. For
six months personnel at ENT tried without success to generate a correct
ephemeris for the first 388 orbits. As a result of their difficulties
it became necessary to obtain valid ephemeris for orbits less than
388 by utilizing an IMSC program to run "backward" in time for about 20
days to cover the earlier orbits. In this way it was possible to generate
ephemeris with adequate accuracy for all orbits up to orbit number 388.
The accuracy of the ephemeris was tested for revolution 6007 by comparing
the calculated positions with those measured with radar techniques by
Dr. A. Freed at Lincoln Laboratory, Massachusetts Institute of Technology.
The calculatecd and measured positions were found to agree within five
kilometers.

2.2 Attitude Determination

The most difficult task associater with this data analysis effort
was the development of techniques to establish the vehicle attitude with
respect to the vehicle velocity vector. The need arising from the fact
the gravity-gradient stabilization booms were never properly deployed
which meant that the OV1-18 satellite never achieved the desired three-

axis, earth-centered stabilization.
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Initially, the satellite instability manifested itself as a rela-
tively slow tumble with a rate of 0.01 per minute or approximately one
complete revolution per orbit. The tumble rate slowly increased in an
approximately linear manner to 0.28 revolutions per minute as shown in
Figure 2-1 until mid-September 1969 when one or more of the booms appar-
ently came free of the satellite. At this point, the tumble rate increaser
more dramatically to a maximum value of 0.48 revolution per minute and
then slowly ‘'ecrease: to the present value of approximately 0.40 revolu-
tion per minute. The tumble rate was continuously monitored along the
three principle vehicle axes by a tri-axis magnetometer.

When the vehicle is in the sun, its attitude can be obtained from
the sun sensor and magnetometers on board the vehicle. A first step,
then, was to establish the residual offsets of the magnetometers so that
their readings can be compared to a model of the earth's magnetic field.
In addition, all the energetic particle measuring instruments required an
accurate knowledge of their orientation with respect to the earth's mag-
netic field. The calculated orientation of the instruments is very sensi-
tive to the corrections to the measured field which must be applied
because of vehicle fields. If one assumes that the vector offset field
is constant in the frame of the satellite, it can be determined by com-
paring the measured field with the field expected on the basis of estab-
lished field undels. If we define the qQuantities

Bo = Model field
m = Measured field
4 =By - B

an offset field will show up as a quasi-periodic modulation of AB with a
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period equal to the apin period of the catellite. This s clearly demon-
strated in Figure 2s2. The modulation ¢ not a cimple sinusoidal function
lr:cuauge the vector orfentation of the vehicle offeet flefd and the grommg-
wctie fleld varies fn a complex vuy ac the catell jte tumabiec,
It' ow: ucows:r a possibie vehicie offset field vith veetor componente
-CJ vhere J tenoted the cooriimmte axic uml an crror fn the calibration
gcale factor of ('\2'1) for ench axis, ve cun relate the true (model) rield
BJ to the meagure:! field bJ
nJ(;) = AJ[bJ(t) 4 ch

If the vehicle orientation were independently known, one could calcu-

in the following wmy.

3 and AJ from a bect fit. However,

without prior knowvledg: of the vehicle orientation we must bace our correc-

late BJ(t) from the model and evaluate C

tions on the discrepancy in the total field.
- e 2 &, 4 2
B(t) (Al l’bl(t) +C )% 4 h, I'ba(t.) 405 0 Ay [b (t) + c3])2

To evaluate C., ve first choose casee where b, (t. ) = b3(t ) = 0, in vhich

case we can write

a2 2
e proserblerie) (i)

vhere we have used the notation B(ti) = B, amd bl("l) =) 1fr, st ic

i 11°
shown to be the case, the corr:ctions are small compared vith the total

field, we can drop the second order terme and obtain

B, = A/(b

g MUTRAND

From two such cases, one vhere bll > 0 ant the other vhere blk < 0,

we have
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Bk = -Al(blk+cl) = Al(lle -cl)

Bi = Al(blk+cl).
Then
. L 13i + B
L=
LY D]

_Byoyy| - By
1 Bi + Bk
Similar results are obtained for A2,02 and A3,03 by choosing suitable
cases Where bl = B3 = 0 and bl = b2 = 0, respectively.
A statistical analysis of all available ‘ata for these cases lead to

the following results.

CR = =19 mG
CV = - 8mG
CZ = =9 mG

AR = Av = AZ = 1.02

Figure 2.3 is the same data shown in Figure 22 after correcting for
the offset field, but not applying the scale factor. The solid line shows
where the zero line would be if a scale correction A = 1.025 were applied
to the data. It is obvious that the periodic modulation has been elimi-
nated. The remaining scatter results primarily from the finite resolution
of the telemetry system and general noise.

With the vehicle magnetometer offsets established, the next step was
to add the information from the solar sensor to the magnetometer informa-

tion and establish the vehicle attitude. It requires two non-colinear
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vectors to uniquely define the spacecraft attitude. The three axis mag-
netometer provides one vector and the sum sensor supplies the other (when
the vehicle is sunlit). A program was developed which determined the
vehicle orientation in space in terms of the three Euler angles that de-
scribe the general rotations of the Space Craft Coordinate System with
respect. to the fixe" earth centered-inertial coordinate system. This
program was baser on a program kindly supplied to us Ly the Aerospace
Corporation which they had developed for this same purpose on earlier OVI
satellites. Orbit-attitude tapes were generated for the sunlit portion
of the orbits prior to number 225 using this computer program.

During the non-sun illuminated portion of an orbit the attitude of
the satellite cannot be determined in the straight forward manner de-
scribed above. As mentioned above, it requires two non-colinear vectors
to uniquely define the spacecraft attitude, and during the "night-time"
portion of the orbit only the magnetic field vector from the magneto-
meters is available. Since the Ion Energy Analyzer (IEA) is sensitive
to the angle the velocity vector makes with the normal to the plane of
its sensor, and since four sensor elements were employed and distributed
effectively coplanar in the spacecraft it has been possible to extrapo-
late the Euler angles 1n£o the nighttime sector. The Euler angle extra-
polations were accomplished by fitting the measured magnetic field vector
obtained by the spacecraft to the model magnetic field vector. All sets
of Euler angles compatible with this vector fit were used to calculate
the expected signals to each of the four IEA sensors. The set of Euler
angles vhich gave the "best fit" to the measured signals from the IEA

was chosen to be the correct set.



From the above procedures, it is felt that the Euler angles and
hence the cpucecrat't attitude have been determined to a reasonable accur=-
ucy tor moct orbits prior to number 225. Apart from the expense in time
and money required to develop these programs for vehicle attitude, the
most signit'icant effect that the lack of vehicle stability has produced
is a reduction in the fraction of time spent observing (or measuring) a
given phenomena. That is, during significant portions of some orbits the
instruments are not looking in a favorable direction, as will be seen in
the next section when the data from the ion energy analyzer is presented.
However, since each instrument orientation with respect to either the
vehicle velocity vector or the earth's geomagnetic field is known at all
times, extremely valuable information has come from the data when the

vehicle orientation is favorable.
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Section 3

Jon Concentration

Ion concentration data obtained from the Ion Energy Analyzer is presented
in Figures 3-1 to 3-8. Th2 ion concentration is plotted as a function of
universal time (in seconds). At each 500 sec time interval, the corre-
sponding values of vehicle altitude, geographic latitude and geomagnetic
L parameter are also given. Indicated on each figure is the location of
the point of transition from sunlight to darkness. On most figures the
location of the auroral regions are shown by the area marked with an “A."
These repionc were determined from particle precipitions as measured by
other inctrumentation carried aboard the vehicle. On those figures where
auroral zones are not indicated, there were no precipitated particles
observed. ‘

large data gaps appear in the data. Small data gaps also appear,
and are frequently filled in with a broken line. Thus where broken lines
appear in the data the exact shape of the ion density profile is not pre-
sented. The broken line does signify the general trend of the data,
however. These data gaps, both large and small, are the result of the
orientation of the vehicle. During the data gap periods the vehicle was
in an unfavorable orientation for accurate ion concentration analysis.

The vehicle, originally designed to be operated in a stable earth-
oriented mode, assumed a spinning-tumbling mode as described in the pre-
vious section. The IEA required a look angle into the velocity vector of
less than 500. Preflight dynamical analysis indicated that stabilized

orientation might not be achieved, therefore, four separate sensor elements
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were positioned co-planar with the Roll-Zee plane of the vehicle. One
sensor was positioned with its symmetry axis along the positive zee axis
of the vehicle, another was positioned with its symmetry axis along the
negative zee axis. The other two sensor elements were positioned with
their symmetry axes making +50o and -500, respectively, with the nega-
tive zee axis. With this positioning of the 4 sensor elements nearly

all orientations for a spinning vehicle, with the spin vector normal to
the Roll-Zee plane, would place the velocity vector within an acceptable
angle with at leact one of the sensor elements. Unfortunately, it appears
that the vehicle also executed a slow tumbling motion. The complex motion
of the vehicle therefore frequently caused the velocity vector to lie out-
side of the acceptable entrance cones of any of the instrument sensors.

On these occasions, large blocks of data were rendered greatly suspect
and were therefore discarded.

During the period of observation, the magnetosphere was highly dis-
turbed. One of the most intense magnetic storms of the decade was
recorded during the period from March 19, 1969, to March 25, 1969. On
four of these five successive nights, red arcs were observed at the
Richland Washington observation site. One must, therefore, expect that
the disturbance caused by the magnetic storm will manifest itself in
the characteristics of the ionosphere.

A curious feature of the data is that the expected diurnal effect
on the ion concentration data does not appear to be present. The ion
concentration measured on the nightside of the orbit is generally Jjust
as large as the ion concentration observed on the dayside of the orbit.

It may very well be that under these disturbed conditions, a significant

energy deposit occurs in the night time region that maintains the high



fonization levels for that cector. Coupled into the diurnal effect is
an ultitude effect, however, in that the altitude on the night sector is
somewhat lower than the altitude on the day sector.

The most ctriking feature of the data is the number and magnitude of
ion concentration gradients. These gradients are present both in the sun-
light and during the nighttime. The gradients are howgver usually more
pronounced during the night. Frequently, the total change in ion concen-
tration in one of the night time gradients is about an order of magnitude,
and on occasions will be as great as two orders of magnitude. However,
these latter cases are usually associated with the main night time ion
density trough.

In most cases the night time main trough is observed. However, its
character is rather variable. The depth of the trough varies from perhaps
a factor of five to as much as two orders of magnitude. The width of
the trough is at times extremely narrow while at other times is rather
broad. The steepness of the walls of the trough also shows marked changes
from one trough to the next.

Peaks in the ion concentration data are also readily observed. The
highest peaks in the night time sector are found to occur quite regularly
at L values of 1.1. The fact that the largest peaks occur at L = 1.1 may
be due however to an altitude effect. The altitude 1is near its minimum
at L = 1.1. Nevertheless, it is significant that peaks in the ion concen-
tration occur at night and that they are repetitive in their location
with respect to the geophysical parameter L. Concentration peaks are also
found to occur on the dayside of the orbit although less frequently and

perhaps less dramatically than those that occur at night. The dayside
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peabks arce usuully not ac churp nor are they ac pronounced as those on the
night cides Generally the daycide pcaks are rather broad and do not stand
out significantly above the average concentration when compared to the
nightside peaks. The mauximm of the dayside peaks consistently occur at
L values near 1.2 and at positions in the orbit very near apogee.

The dayside ion concentration shows a very significant latitudinal
dependence. The lower ion concentration values occur at the high latitude
regions, even when those high latitude regions are at the lower altitudes
of the orbits. The larger ion concentration values occur generally near
the equator and at the higher altitudec. Upon correcting for the altitude
dependence, the latitude dependence of ilon concentration would be even
more pronounced.

The general trend of the nighttime ion concentration also indicates
a latitude dependence, with increasing values as the vehicle approaches
the equatorial regions. The conclusion for the nighttime latitude depen-
dence may not be made as strongly as that for the dayside in that the
height profile over the night sector shows a decrease as latitude de-
creases and is near minimum at the equator. Therefore, the ion concen-
tration increase measured on the nightside as the vehicle approaches the

equator may be in part due to the altitude decrease.
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Section 4

Electron Measurements

4.1 Thermal Electron Density and Temperature

A cylindrical Langmuir Probe, kindly supplied by Dr. A. Nagy of the
University of Michiganu, was flown as a part of the ionospheric measure-
ments package of OV1-18. The probe provides a measure of themmal elec-
tron concentration, clectron temperature, and vehicle potential. The
intent was to comparc electron temperature (measured by this probe) with
the ion temperatures to be obtained from the Ion Energy Analyzer and to
evaluate the probe's usefulness as a gradient detector. A useful by-
product was the vehicle potential which was needed to establish accurate
energy values for the suprathermtl electrons collected by the Epithermal
Electron Analyzer. Unfortunately, the telemetry bandwidth available for
this probe was too small to allow the probe to have the spatial resolu-
tion in its measurements to be able to do much about ionospheric gradient
measurements.

Figure 4-1 is a plot of the electron concentration obtained from the
Langmuir Probe for acquisition 134. As with the ion concentration plot
in Figure 3-1, the electron concentration is plotted on a logarithmic scale
against a linear time scale. The appropriate ephemeris information is
listed on 500 second time intervals. The open circles indicate the actual
data points available and point up the problem of spatial resolution.
The probe makes accurate measurements of the ambient electrons except when
_1t is in the vehicle wake. It was placed on the vehicle in such a manner

that, had the vehicle been oriented, the probe would have had its axis

he1
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along the velocity vector. The spinning motion of the vehicle caused the
probe to be in the vehicle wake a significant portion of the time. In
Figure U-1 the wake regions are indicated. In those regions little con-
fidence can be placed in the data being accurate ambient electron concen-
tration values. It should be noted, by comparing Figure 4-1 with Figure
3-8, that when the Langmuir Probc and the Ion Energy Analyzer were look-
ing in a favorable (non-wake) dircction the measured ion and clectron
concentrations agree very well, as they chould. The IEA ic able to show
the structural detail that is missing from the probe data due to the poor
spatial resolution provided for the probe.

All of the electron concentration data has been reduced for orbits
prior to 225. However, since the data did not provide a useful input for
the principle purpose of this study, a study of ion gradients, the full
set of data are not shown here. The Second Quarterly Technicel Report
showed a plot like Figure 3-8 for acquisition 66.

The electron temperature and vehicle potential have also been de-
rived from the data from each of these orbits prior to number 225. We
will not show any vchicle potential data here as it has no specific geo-
physical value and does not contribute to the general objectives of this
study. Figure 4-2 is a plot of the electron temperature derived from the
Langmuir prove for acquisition 134. In the plot, the ambient electron
temperature is plotted on a linear scale as a linear function of time
and, as in Figure 4-1, appropriate ephemeris information is supplied on
500 second intervals. The wake regions are indicated to show where the

data may be suspect. However, as can be seen in the figure, the electron
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temperature curve seems to flov amoothly through the wake regionn, from
non=vake to non-vake region, vhich gives support to the idea that even
the wkpemencured Lempe atures may be valid temjeruture meacurements.
OLix:pve: Lt the clectron emperstures mescured in the high latitude
myions ure 1000‘J Lo l‘;OOOK higher thun those measured in the low lati-
tude reglonc. Poor spatinl recolution does not permit detailed compuri-

gon of the data to possible high latitude energy tources.

k.2 Epithermal Electrons

Piguree 4-3, Lk, and 4-9 chov the fluxes of elcctrons in each of 6
energy channela measured by heads 1, 2, and 3 of the Epithermal Electron
Energy Amalyzer (EEA) experiment for acquisition 66. In the f'igures the
flux is plotted on & logarithmic scale with the scale for ecach decreasing
chan) number dicplaced dovnward by one decade.

Fluxee in & seventh, highest energy channel (3) have been measured
aleco but not illustrated. The energy interval correeponding to cach
channel and the factor by vhich fluxes in each channel must be multiplied

¢ 1 gter!

to obtain fluxes in units of cm - gec ev'! are given in Table
4.1. To each energy listed must be added the vehiclc potential value to
give the actual electron energy.

The following generel obcervations are readily evident:

The fluxes in the more energetic channels 7-3 are dreactically reduced
at night vhere photo production of electrons is cssentially absent.
Exceptione to this generalization occur in the nighteide auroral zones
vhere the fluxes in all channels are about equal and at lov invariant
L latitudes of 1.1 and 1.7 vhere relatively large fluxes of clectrons

(or megative ions) were observed in channel 7 as well as in 5 and 9.

hed
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Table l& o1

EEA Channel Gonversion Factors

Channel Energy Interval Conversion Factor
eVv) * Channel eV-l %
Y 0-2 0.hé6Y
5 2-h 0.%93
(] h - Y 0.2y
6 8-16 0.149
P 16 - 3 0.07h
b 32 - 6l 0.037
3 6 - 128 0.019

®* Thic emergy it mescured relstive to the potential energy of
the vehicle vhich wae typically 3-4 eV.

* The flwec glven in Flgures 43, hel, and ko9 vhen multiplied
by thic Mctor teesme fluzes In unite of o gee! crer?
VY contared aL Ue errng approximtely cqual to the upper

wiuw gpecilted in Ue Btoeng lutervnl column,



(Miceing date on all channels during daylight results when the particular

herd §s orfented toward the sun.) Note that the auroral regions are indi-
cnted fo the r'ijures by cnclosed rectangles above the data.

The Pluxes observed at night in channels 7, 8 and 9 by the three
Gopmeeetee b owere d e rent by severnl orders of magnitude at times.
Some off the differvenee my be cuused by wnke ef'fects which have been

documented by Sumir and Wilmore (1969). The difference could also result
Yruas wnlsotropy of the e leetron flux or from the electron energy amalyzer
ping up epmtive fons.

A cubewmntinl freaction of the time--both day and nighte=the flux in
tantel 4 owme ineger than channel 9. Thic means that there vac a rela-
tive max i mem in the Flux ve. encergy speetnm ol an energy of about 7 eV
(eince the vehicle potentinl vne meagured 1o be =3 Volts at these timee).
Such n huap e teen predicled at lover altitude and during daylight by
theometion] studies (Nagy ned Manke, 1970; Mmlgarmo et al., 1969) tut
bac ol Ween oxpecled Al aleht. A lange Fmctlom] content of O jone
in tpe lososphe e vould produce the s effect.

Yy lenme for endanced Flus 1o all chanmels over “he magnetic polar
wp region: (tall Field Limee) 1e present In Ue Flgures, Wl Uat the
coppermnenl 16 oauded by enepgelic electron: from the sagnetic Wil ol
821 by an wmsticlpated solar effert reeds 0 te fuvestigated.

k10
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Section 5
ENERGETIC PARTICLES

The principul information on the low-energy auroral particle fluxes
has been derived from two types of detectors, one for the electron meas-
urements and one for the proton measurements. Botl. types use channel
eleetron multipliers as the sensing elements. The CME detectors are
individual 180° permanent magnet spectrameters used for the electron
meusurements. They are desiyned with broad, flat, response functions
and are arranged contijuously so thut they cover the energy range of
interest without leaving pgapa. A proup of sueh npeetrometers ic oriented
in each of three directions, refarred to ac the 0° detectors (Group 1),
the 55° datectors (Groups 2 and 3) and the 90° detactors (Group ). The
characteristics of the {ndividual units are listed in Table 5.1. The
proton detectors, referred to as CFP's, use magnetic broomec to sweep out
the electrons, and thin carbon or nickel foils to define the thresholds
to incident protons. The characteristics of thuse detectors are also
listed in Tadble 5.1.

The responses of scae of theze detectors for the nightside traverszals
of the rorthern and zouthern auroral zone: on barch 22, 1969 are {llustirated
in Pliure %1, Bach trare ‘- ke oulpul of a locaritheie ratemeter vhich
compresses about four decades of dymanmic range Into the jllustrated inter-
vals. The piteh angle appropriste Lo Lhe Group 1 delectors ls shown in the
top curve (190° corresponds to a rlux comins dewn the field lines) The
CMKIC deloclor vaz eapariencing a temporary malNection during part of the
period 11lustrated and its output has been replaced in the plots ard sube
sequent calculations bty that of OMEXC. The rirst double peak in the rorthern
henijsphere polar cap region is an in-flight 2alidration. As the satellite
noves southward into the aurcral a2ome it encounters a highly structured flux
of soft electrons, vhich rapidly hardens as the catellite approaches he
lover latitudes. A brosd douwble-peaked reyion of protor precipitation iz

%1



Table 5.1

Detector Characteristics

Nominal
Dotecotor ﬁzyxi;;w Eneryiy Rangre tGieometric Factor giiQZt?gn
Hirane Aty aod (kev) (cn? - sr) (deg)

CMETA " 0.80 - 1.50 870 x 1070 0
1h 1.79 - 3.30 8.10 x 10'6 0
1c 3.79% - 1.00 9.60 x 1070 0
1D e 8.30 - 16.3 2.56 x 1072 0
1K T 17.30 - 37.0 h.0b x 107 0
IF ¢ Backiround -m- 0
CFPIES b > 9.0 1.30 x 107" 0
I p' > 34, 1.30 x 10~ 0
MR - 0,80 - 1,50 7.4 x 107° 56
l : 20 - 16.5 2.2h x 1072 55
CFITA p > 5.1 3.2% x 10~? 55
- P’ > 2h, 1.30 x 107 55
* P > (500, 1.30 x lu'“ 55
o o 1.80 - 3.3 845 x 107° 9%
3C o 3.75 - 1.00 9.80 x 1070 95
¥P I p’ > 7.1 3.25 x 10°° 95
i p > M. 1.30 x 107" 99
A o 0.80 - 1.% 1.60 % 10°° 9
g . 1.80 - 3.25 9.40 x 10°6 9
e e 3.70 - 7.00 8.50 x 10°° 9
Lo . B.60 - 16.3 2.49 x 10”7 9%
CrTaR P’ > 1k, 6.0 x 107 9%
L ’" > 38. 6.50 x 10~ 90
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s encoustorad, A alal lue sequanee la [llustrated for the southern
alophore wireral 2one travorss]l In this rfigure exeopt in this case no
3L wope sbaepryed, The typleal hipghelatitude apectral softening of

| feorrt punt joarly ovidant,

. o Hitfan e Lypleal Ulux chiaractaristics derlved from these

b e it e Liees prslieated by the letters in Figure 1. Por the
Crute. Wy Ulux Sbandp. b Lhee fnteceal mmbor Cluax of clectrons with
: B loed 2V sl B moprvsienta the Plux welphted average erergy.

¢
r the protots the Flux 1s the Intecral nuster Clux of protons with E 2 9

N o 1L represents the charasteristic or average energy of an assused
xpoteontial specteal shape rltted to the results from the two threshold

fotecturs.

Tabhle 5.2
Flux Characteristics

Rumbor Flux Pitch

Unlveraal Ty of i?rucles{ Angle

vint  Time (aec) Particles -sec-ar) Eo (kev) (deg)
A YD p' Ot x 106 20.6 9
it 3.203 'y 3.1 x 108 7.76 %
c 315 o 3.8 x 105 s o8
b 38155 o .31 x 100 6.9 124
& 3214 . 5.32 x 100  2.bk 125

The period of primary Interest for the intercomparison of the ion-
cspheriec and particle meazuresents, f.e., the first 225 ordits, vas a
period of hichly variable auroral activity. It included two extremely
"qulet” day: (decignated 4Q in the tables of Solar-Geophysical Data) and
‘our "dlsturted” daya, including o prominent maznetic ctorm on 23 and 2
March. The macretic activity index Ap for the perfiod of interest ic plotted
in Floure 520, The data in Figure %3(A97) vere obtained on March 2h during
the .torm pericd and the data in Fipure %1 (AlkL) wvere obtained during the

5l
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Figure 5-2. Magnetic Activity During First 228 Revolutions
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quiet day of 27 March. As seen in the figures, a substantial difference
in the general level of auroral activity is evidenced between the two days,
und the location of the precipitation region has shifted significantly in

mupgnetic latitude.
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Section 6

Ion Gradient/Particle Comparisons

6.1 Ion Gradients

In Section 3 we discussed the general character of the ion concen-
tration data that was obtained from the OV1-18 vehicle and figures were
shown depicting this data for eight acquisitions of the satellite. Since
there are a ruther large number of steep gradients in the ion concentra-
tion plots shown there, it would seem appropriate to discuss these here.
We will consider in detail acquisition 66, shown in Figure 3-1, since it
seems to be typical. This data was taken during a period of rather high
magnetic activity. It can be seen that a number of the large gradients
contain significant portions that are dashed, therefore their validity
may be in question. The first one, Jjust prior to 34500 sec. is a trough
which may well be completely suspect. However, the second trough, at
about 34800 sec., must be real, although its exact shape may be different
than that shown. On the basis of this suspect data only the troughs at
#500 sec., 36100 sec., 37200 sec., and 38250 sec. could be largely elim-
inated or really drastically reduced. The other troughs have enough good
data to establish at least one wall, as indicated by the solid portion of
the curve.

The auroral zone shown at 35500 sec. is the North day zone and the
one at 36300 sc¢c. is the North night zone. Between these two zones the
spacecraft is traveling through the Polar Cap region and the ion concen-
tration shows a lot of shar<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>